Extremely asymmetrical scattering (EAS) of waves in periodic arrays is a new type of Bragg scattering that is realized when the scattered wave propagates parallel to the boundary(ies) of a strip-like periodic array. Steady-state EAS is characterized by a strong resonant increase of the scattered wave amplitudes inside and outside the array, and therefore, this type of scattering is radically different from the conventional Bragg scattering in periodic arrays. The steady-state amplitude of the scattered wave results from a balance between the two opposing mechanisms affecting the scattering. On the one hand, the scattered wave amplitude must increase along the direction of its propagation (i.e. parallel to the boundary of the periodic array) due to scattering of the incident wave inside the array. On the other hand, the scattered wave amplitude must -decrease along the direction of propagation due to the diffractional divergence of this wave. A new powerful approach for simple analytical analysis of EAS, based .on allowance for this diffiactional divergence, has been developed [ 11. Unlike the dynamic theory of scattering, this approach is readily applicable for all types of waves, including bulk, surface and guided electromagnetic modes.
grating phase has led to a discovery of a radically new type of Bragg scattering -double-resonant extremely asymmetrical scattering (DEAS) [2, 3] . DEAS in narrow non-uniform arrays is characterized by a unique combination of two simultaneous sharp resonances, one of which occurs at a certain resonant frequency determined by the Bragg condition (this resonance is typical of all types of Bragg scattering), and the other takes place at a resonant value of the phase shift in the grating [2, 3] . The second resonance with respect to phase shift takes place on the background 'of an already resonantly large scattered wave amplitude. As a result, typical scattered wave amplitudes in DEAS are much larger (tens or hundreds of times) than those in EAS. It has also been shown that the main physical reason for DEAS is related with the diffractional divergence of the scattered waves inside the non-uniform array [2, 3] .
The aim of. this work is to dempnstrate that the strong DEAS also takes place in two parallel strip-like oblique periodic arrays separated by a gap (Figkl) . The analysis is carried out for bulk TE electromagnetic .
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Fig.1. Geometry of DEAS in separated arrays
waves, as well as for TE and TM modes guided by a slab. In the case of bulk waves, the gratings are given by weak periodic perturbations of the mean dielectric permittivity E that is assumed to be the same inside and outside the arrays. In the case of electromagnetic modes guided by a slab, the plane of Eig.1 is the plane of the slab, and the gratings are given by a periodic cormgation (grooves) of one of the slab interfaces; the amplitude of the corrugation is small compared with the wavelength. The vectors k, and k, are the wave vectors of the 0-7803-5661 -6 / 99 / $1 0.00 0 1999 IEEE P2.100 / CLEOYPaafic Rim '99 / 1023 incident and scattered (bulk or guided) waves in the structure. Both the arrays have the same amplitude E,, period and orientation of the grating, but different phases (i.e. they are shifted with respect to each other along the y-axis - Fig.1 ). The approximations used include the approximation of slowly varying amplitudes and the scalar theory of diffraction based on Fourier analysis and the parabolic equation of diffraction; edge effects are neglected. Fig.2 shows the dependencies of the scattered wave amplitude E, (referred to the incident wave amplitude Em) on the phase shift (Fig.Zi) , and the x-coordinate inside and between the arrays for bulk TE electromagnetic (ii)
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x (rm) Fig.2 . Relative scattered wave amplitudes at the front boundary (i), and inside the structure (ii).
waves with E = 5, E, = 5x10", 0, = n/4, the wavelength in vacuum h. = 1 pm, t, = L, = 10 pm, and different widths of the gap:
with no phase shift (EAS).
Vertical dotted lines in Fig.2ii show the edges of the gap. Fig.2i gives typical pattern of DEAS with the strong resonance-like maximums at optimal (resonant) values of the phase shift. This pattern is observed in the structure even if the arrays are not in direct contact with each other, i.e. the neighbouring arrays can effectively affect each other across the gap. This demonstrates not only a new interesting effect in periodic arrays in the extremely asymmetrical geometry, but also confirms the main mechanism for DEAS -the diffractional divergence of the scattered wave [2] . Indeed, the divergence is the only mechanism how the scattered waves from two separated arrays, propagating parallel to these arrays, can affect each other across the gap. This mechanism also explains the observed decrease and broadening of the resonance with increasing gap width (Fig.2i) . If the gap is made wide enough, then the typical gradient of the scattered wave amplitude in the gap becomes small; and so does the divergence-iriduced energy flow, for example, from the second array into the first one. Therefore the re-scattering in the first array results in efficient reduction of the amplitude of the scattered wave that comes to the first array from the second one. Thus the mutual effect of the arrays is reduced -compare curves (a) -(d).
Typical dependencies of the scattered wave amplitudes on the x-coordinate inside and between the arrays are given in Fig.2ii . It is possible to see that the scattered wave amplitude is only slightly smaller in the gap, than inside the arrays. Similar graphs can be presented for guided optical modes. The dependencies of amplitudes of the incident and scattered waves are analyzed for different angles of incidence, grating amplitudes, array and gap widths, etc. In general, the resonance is shown to increase strongly with decreasing array widths, gap width and/or grating amplitude. For zero gap widths, we obtain the previously analyzed DEAS [2] , while infinite separation results, as expected, in EAS. Potential applications of the analyzed effect involve signal-processing devices, optical sensors and measurement techniques (the scattering is expected to be very sensitive to mean structural parameters in the . gap).
